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[57] ABSTRACT 

A micro struct ure comprising a substrate (1), a patterned 
structure (beam member) (2) suspended over the substrate 
(1) with an air-space (4) therebetween and supporting struc- 
ture (3) for suspending the patterned structure (2) oyer the 
substrate (1). 

The microstructure is prepared by using a sacrificial layer 
(7) which is removed to form the space between the sub- 
strate (1) and the patterned structure (2) adhered to the 
sacrificial layer. In the case of using resin as the material of 
the sacrificial layer, the sacrificial layer can be removed 
without causing sticking, and an electrode can be provided 
on the patterned structure. 

The microstrucrure can have application as electrostatic 
actuator etc., depending on choice of shape and composi- 
tion. 

11 Claims, 16 Drawing Sheets 
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MICROSTRUCTURE, PROCESS FOR The micro-structure can be produced on various kinds of 

MANUFACTURING THEREOF AND substrate and this does not depend on the surface roughness 

DEVICES INCORPORATING THE SAME of the substrate. 

BACKGROUND OF THE INVENTION 5 t * *** ^ is rem0Ved * 

3 etching, here a oxygen plasma etching process, sucking 

1. Field of the Invention between the substrate and the micro-structure, which can 
The present invention relates to a micro-structure which happen when removing the sacrificial layer by a wet etching 

can be produced by miaomechanical processing. process, is avoided However, since it is necessary to deposit 

2. Related Art tne f° r me niicro-structure at a low temperature to avoid 
In recent years, micro-machines having small movable 10 <ta^ totheM^^ 

parts have been investigated. In particular, in the case of ferial is severely restricted ^ 

making microstructures by using technologies for semicon- * egulate *V* ternal S * es !° f * e f ^. me microstriIcture 

ductor integrated circuits, such as those which include t0 prevent me ™»*wte from bending, 

photolithographic processing, micro-parts can be repro- 15 ^ process is a process in which the pattern for the 

duced accurately. Thereby, the parts can be arrayed easily on microstructure is formed on a Si substrate, after which a part 

a substrate and the parts can be produced at low cost The of ^ P attern k bonded anodically to a glass substrate, after 

parts can respond quicker than parts produced by prior which the bonded Si substrate is etched from its back surface 

techniques because of their reduced size. untii toe pattern is left on the glass substrate. 

Three typical methods of producing a micro-structure on 20 A linear actaator comprising bulk Si film (Y. Gianchan- 

a substrate are described below. dani & al, t[ Micron-Sized, High Aspect Ratio Bulk Silicon 

One is a process for producing a micro-motor (M, Miaomechanical Systems Devices", Proceedings IEEE 

Mehregany et al. "Operation of micro fabricated harmonic Hectro Mechanical Workshop 1992, pages 20S-213), or a 

and ordinary side-drive motors"— Proceedings IEEE Micro cantilever comprising silicon nitride for an Atomic Force 

eectro-Mechanical Systems Workshop 1990, pp. 1-8) or a 25 Microscope (AFM) may be produced by this process (U.S. 

linear microactuator (P. Chenung et al, "Modelling and Pat No ; 5,221,415). 

position-detection of a polysilicon linear microactuator" ^° this process, it is not necessary to use a sacrificial layer 

Micro mechanical Sensors, Actuators and Systems ASME so 11131 niicro-structiires made of a material which does not 

1991, DS C- Vol.32, pp. 269-278). have resistance to hydrogen fluoride can be produced. 

This first process comprises: forming a silicon dioxide 30 However, the ndcrostructure materials are limited to those 

layer and a polysilicon layer on a silicon substrate in this which can be bonded anodically to glass, such as Si, Al, Ti, 

order, or providing a SOI (silicon on insulator? substrate; Ni » wnicn are electroconducrive and which can be oxidised, 

pattenimgthesmconlayerorthepolysiliconlayertoform ° T ^°? n dtofldde ^ or sUiC0Q ^ coated on a 

a patterned structure; and " substrate. 

removing the silicon dioxide layer by an aqueous solution 35 ^ e ™^ eD is a tem ~ 

of hydrogen fluoride to produce the microstructure. Hie &Lt mf* * ^ 1 

•v' A: * :Aa Wm v „ A e _ •« - 1 1 therefore to use a glass having the same thermal expansion 

silicon dioxide layer is used, therefore, as a sacrificial layer. „ rt *ffi„™t M *w Zc cj m ,u,i, * * • a a — * *u 

/c «o/at /cn/Av^ u *_ * r • coefficient as that of the Si substrate to avoid damage to the 

(See SOI (SIMOX) as a substrate for surface microma- substrate 5y heat stress> ^ choke of ^ ass is to 

dunwg of single crystalline silicon sensors and actuators ■) pyrex 0ass (trade name #7740; manufactured by Corning) 

The 7th International Conference on Solid State Sensors and or me 

Actuators, Transducers 93, Jun. 7-10, 1993, pp. 233-236). ^ an electrode h provided 0Q ^ 

According to this first process, however, it is necessary to it is then difficult to produce an electrode on the microstruc- 

use materials for the micro- structure which are not eroded ture. 

by hydrogen ^fluoride ^ and it is not possible to incorporate an 45 ^ additioDj it is nece ssary to use a glass which contains 

electrode of erodable material, such as an aluminum rao biie ions as the material of the substrate, such as soda 

electrode, in the microstructure. gi asSj pyr ex and crystallised glass. Consequently, this pro- 

Furthermore, if polysilicon is adopted as the microstruc- cess is inapplicable to substrates incorporating integrated 

ture material, it is necessary to regulate the internal stress of circuit components. 

polysilicon film in order to prevent bending of the substrate. 50 Furthermore; in the case of bonding the electroconductive 
Furthermore, in the case of using an SOI substrate, buried material to the glass anodically, it is necessary for the glass 
silicon dioxide is removed. If the removal of this oxide is not an(i ^ electro- conductive material to have a surface rough- 
carefully controlled, over-etching will occur. It is difficult ness of 50 11111 or less - 

therefore to maintain contact between the rnicrostructure and In U.S. Pat No. 5,221,415, silicon nitride is bonded 

the substrate. Also, if aluminum or other metal is deposited 55 anodically to glass at 475° G Consequently, electrodes have 

after removal of the buried silicon oxide, it is not easy to to be formed by vacuum evaporation on the whole surface 

form a continuous electrode structure due to overhang of the °f toe substrate after producing the microstructure. It is 

microstructure. ' difficult, however, to form a patterned electrode on a beam 

The second process is a process for producing a spatial structure such 88 a cantilever * 

light modulator device provided with an aluminum micro- 60 SUMMARY OF THE INVENTION 
mirror. This is described in Japanese Patent Laid-open 

Application No. 2-8812. This process comprises coating a The present invention is intended as a solution to the 

photo-resist sacrificial layer on a substrate, then forming an problems aforesaid 

aluminum layer on this sacrificial layer, patterning the According to a first aspect of the present invention, there 

aluminum layer, and removing the sacrificial layer by oxy- 65 is provided a microstructure comprising a substrate and a 

gen plasma etching to produce an aluminum film micro- beam member separated from said substrate by an air space; 

structure. characterised by: 
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supporting means arranged to suspend said beam member supporting structure 3 at its surface 5 which is further from 

over said substrate, which supporting means is attached to the substrate 1. 

that surface of said beam member which is further from said A process for producing the microstructure shown in FIG. 

substrate. 1 will now be explained with reference to FIG. 2. 

According to another aspect of the present invention, 5 First of all, the first substrate 1 and a second substrate 6 

there is provided a process for producing a microstructure are provided, and then a first sacrificial layer 7 is formed on 

comprising the steps of: the first substrate 1 (FIG. 2(A)). 

(a) providing a first substrate having a first sacrificial layer Photo-resist is coated on the second substrate 6 to form a 
over its surface and a beam member on said first sacrificial photoresist layer, after which the photo-resist layer is 
layer; 10 exposed to radiation and is developed to form a patterned 

(b) forming supporting means over said beam member P^to-resist layer 8 (FIG. 2(B)). 

with the inside surface of said supporting means attached to "H* second substrate 6 is then etched using the patterned 

that surface of said beam member which is further from said photo-resist layer as a mask to produce a patterned promi- 

first substrate- and neace 9 wrric* 1 is to form the beam member 2 (FIG. 2(C)). 

(c) removing said first sacrificial layer to form an air- 15 J^lx* substrate 1 having the ffrst sacrificial layer 7 is 
space between said beam member and said first substrate. men adhered A t0 second «*sttate « with the patterned 

_ , „ „ „ prominence 9 in contact with the first sacrificial layer 7 

Other aspects of the invention will be apparent from the (rqn KDY) 

description given below and from the appended claims. " " j *i. * u j j * 

r & y * The second substrate 6 is then etched down to the pat- 

BRIEF DESCRIPTION OF THE DRAWINGS temed prominence 9 to produce the beam- shaped member 2 

(FIGS. 2(E),(F)), after which the first sacrificial layer 7 is 

In the accompanying drawings: etched using the member 2 as a mask (FIG. 2(G)). 

FIG. 1 is a schematic view of a first microstructure Next, a layer 10 for the supporting structure 3 is formed 

embodying the present invention; 25 on the member 2 and on the exposed adjacent surfaces of the 

FIGS. 2(A)-2(K) are sectional views for illustrating a first fi»t sacrificial layer 7 and the first substrate 1 (FIG. 2(H)). 

process for producing the microstructure of FIG. 1, taken on Next, a patterned photo-resist layer 11, whose pattern 

line 2 — 2 of FIG. 1; corresponds to the pattern of the supporting structure 3, is 

FIG. 3 is a schematic view of an electrostatic actuator as formed on the layer 10 (FIG. 2(D) and the layer 10 is etched 

a second embodiment of the present invention; 30 P atte ™ ed P hot ^' ^ " * s * mask to *™ 

ttt^p a/a\ Arr \ i • t_- t. sr i tne supporting structure 3 (FIG. 2(J)). The first sacrificial 

r * , > { ™ T r -n T 1 W ^ r ^ 7 * s the! removed to complete the manufacture of the 

^ ^ 1 V ^ f^l Pr ° CCSS microstructure shown in FIG. 1. 

producing the electrostatic actuator of FIG. 3; T _ . -™ „ 4 . - . - , . 

* m . . , . , , . . . , In the process shown m FIG. 2, the first sacrificial layer 

FIG. 5 is a sectional view for explaining the use of an L-B 7 actg a$ ai? adnes ive layer, and for this purpose may 

film in a process for producing a microstructure according to comprise res in. The first sacrificial layer can be formed by 

the present invention; u$ual memo< i S:( sucn as DV applying a coating solution in 

FIGS. 6(A)-*(M) are sectional views for illustrating a which resin is dissolved in an organic solvent, by spin 

second process for producing the electrostatic actuator of coating, spray coating, dip coating etc., or by forming a film. 
FIG. 3; 40 by the Langniuir-Blodgett method. A resin film having a flat 

FIG. 7 is a schematic sectional view for explaining a step surface can be obtained by these methods, even if the 

of bonding a silicon substrate to a second substrate anodi- substrate has a rough surface, therefore in the step for 

cally; adhering the first substrate to the second substrate, face- 

FIGS. 8(A)-8(M) are sectional views for illustrating a adhering can be effected without depending on surface 
thirdprocessforproducmgtheelectrostaticactuatorofnG. 45 roughness of the substrate. 

3; Preferred resin materials include photo-resists. These 

FIGS. 9(A)-9(K) arc sectional views for illustrating a ! hould » ot con | ain in^es such as sodium ions, if the 

second process for producing the microstructure of FIG. 1; fast subsllate * a Slhc<m substrate including integrated 

gjjj circuit components. In particular, such photo-resists contain- 

_ pc ,„,.. ^ i • c n 50 ing a rubber having both good adhesive strength and good 

FIGS. 10(A>-10(M) are sectional views for illustrating a Jf chanical m ^ eferabl used . A f ^ ^ 

fourth process for producing the electrostatic actuator of cyclizedrubbeK such as ^^in "Bisaikako & Rejisuto 

; ' (Fine Processing and Resist)" written by Saburo Nonogaki, 

DETAILED DESCRIPTION OF THE edited by Kobunsi Gakkai (Society of Polymer), published 

PREFERRED EMBODIMENTS 55 by Kyoritsu Shuppan, 1991, pages 11-12 are preferably 

used, and as the photoresists containing rubber, OMR-83 

The present invention will be explained with reference to (manufactured by Tokyo Oka Kogyo K.K.) is preferably 

the drawings. The following description is given by way of use d. 

example only. ^ ^ case of usmg me Langmuir-Blodgett method for 

FIG. 1 is a schematic view of a first microstructure 60 forming the first sacrificial layer 7, a monomolecular lanii- 

embodying the present invention, and FIGS. 2(A}-(K) are nated film, that is a Langmuir-Blodgett (LB) film consisting 

views illustrating stages in a process of producing the 0 f molecules with a hydrophobic group and a hydrophilic 

microstructure of FIG. 1. group, is laminated on the first substrate 1, at least one layer 

Referring to FIG. 1, 1 is a first substrate, 2 is a beam or more, to form the sacrificial layer 7. In a multilayer film, 

member and 3 is a supporting structure. The member 2 is 65 the hydrophobic groups of each monomolecular film are 

suspended above the first substrate 1, over an airspace 4, by adjacent and the hydrophilic group of each mono-molecular 

the supporting structure 3, and the beam 2 is attached to the film are adjacent. 
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According to this method, the thickness of the sacrificial 
layer 7 can be regulated to nanometer precision, thus the air 
space 4 between the beam member 2 and the first substrate 
1 can be regulated to the same nanometer precision. 

As the step for adhering the first substrate 1 and the 5 
second substrate 6, the process as described below is 
preferred, that is, pressing together the first substrate 1 with 
the sacrificial layer 7 and the second substrate 6, and then 
heating the sacrificial layer 7 to evaporate solvent in the 
sacrificial layer 7 to cure the resin therein and to increase to 
adhesive strength. In addition, at least one of the first 
substrate 1 and the second substrate 6 may be provided with 
a groove to allow solvent vapour to escape via the groove. 
Where the first substrate 1 and the second substrate 6 are 
conductive, it is possible to adhere the first and second 15 
substrates 1,6 while applying voltage between these sub- 
strates 1,6 to generate an electrostatic field. 

In case of adhering the first and the second substrates 1,6 
by an LB film, the substrates 1,6 can be adhered by the 
process as described below, that is a LB film formed on the 20 
first substrate 1 (or the second substrate 6) is brought into 
contact with the surface of the second substrate 6 (or the first 
substrate 1), and then a voltage is applied between the 
substrates 1,6 to generate an electrostatic field to adhere 
them to each other. 25 

Further, in case of forming LB film on both the first and 
the second substrates 1,6, the LB films preferably are formed 
so that the hydrophilic group of one LB film comes into 
contact with hydrophilic group of the other LB film, or the 
hydrophobic group of one LB film comes into contact with 30 
the hydrophobic group of the other LB film. ©. 

Furthermore, in the case of forming the LB film on only 
one of the first and second substrates 1,6, when the surface 
of the LB film is hydrophilic, the surface of the substrates 33 
chosen to be hydrophilic, and when the surface of the LB 
film is hydrophobic, the surface of the substrate is chosen to 
be hydrophobic. Provided that the temperature of the LB 
film is maintained below its decomposition temperature, and 
a voltage is applied between the first and the second sub- ^ 
strates 1,6 the substrates 1,6 can be adhered firmly. 

In the process described above, the first substrate can be 
adhered to a patterned prominence for the microstructure by 
a LB film. In case of using a resin layer for the sacrificial 
layer 7 as an adhesive layer, the resin layer can be cured at 45 
a relatively low temperature so that damage to the substrate 
1 due to difference of thermal expansion coefficients 
between the first and second substrates 1,6 can be avoided. 
Thus, the choice of materials for the substrates 1.6 is not 
restricted in relation to thermal expansion coefficients. 30 

In the steps for making the patterned thin film structure, 
such as the beam-shaped member 2 in FIG. 1, on the first 
substrate 1, a second substrate 6 or a second substrate 6 
having a layer for the structure also may be processed. 

Examples of the second substrate 6 having a layer for the 55 
structure may include a substrate 6 on which this layer is 
formed directly or a substrate 6 on which the layer is formed 
over said sacrificial layer for releasing the substrate 6 from 
the layer. 

In case of forming the patterned thin film layer from the 60 
second substrate 6, first of all, the second substrate 6 is 
processed by a suitable method, such as by 
photolithography, to form a patterned structure, after which 
the second substrate 6 is attached to the first substrate 1 by 
the first sacrificial layer 7 with the patterned surface of the 65 
second substrate 6 facing the first substrate 1. The second 
substrate 6 is then etched down to the patterned prominence 
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9 from the opposite surface to the patterned prominence 9 
(i.e. the back surface) by wet etching with a suitable ctchant 
for the second substrate 6, or by dry etching with a reactive 
gas, or the back surface of the second substrate 6 is abraded 
and lapped to form the patterned thin film structure 2. 

In case of using a silicon substrate as the second substrate 
6, examples of etchants for wet etching include alkali 
aqueous solutions, such as a solution of potassium hydrox- 
ide (KOH), a solution of tetramethyl-ammonium hydroxide 
(TMAH), etc., or mixed aqueous solutions of hydrogen 
fluoride and nitric acid, and examples of reactive gases for 
dry etching include plasma gases of CF 4 , SF e , NF 3 etc. 

When a substrate made of monocry stalline Si, GaAs etc. 
is used as the second substrate 6, the microstructure obtained 
is not warped. 

In the case of forming the patterned thin film layer 2 from 
the second substrate 6 having a layer for the structure 2, 
examples of the second substrates 6 include a laminated 
substrate which a glass substrate is bonded anodically to a 
metal layer as the second sacrificial layer formed on the 
layer for the structure, a substrate having an internal layer, 
such as SOI substrate which has silicon oxide film as the 
second sacrificial layer and silicon layer as the layer for the 
structure, SIMOX substrate etc., a substrate on which the 
second sacrificial layer and the layer for the structure is 
formed directly. 

Examples for the material of the second sacrificial layer 
are selected from materials which are eroded by an etchant 
which does not erode the layer for the structure 2. 

The second sacrificial layer and/or the layer for the 
structure may be produced by a film forming method, such 
as vacuum evaporation, liquid coating and chemical vapour 
deposition and so on. 

In (he case of using anodic bonding for bonding the glass 
substrate and the metal film as the second sacrificial layer, 
the glass substrate preferably may contain mobile ions of 
alkali metal, such as sodium ions, lithium ions, etc. The 
metal film preferably may be of metal which can be bonded 
anodically, such as Al, Ti, Ni and so on. or of an alloy which 
contains a combination of these metals. Anodic bonding, 
such as may be used herein, is described, for example in U.S. 
Pat. No. 3,397,278. 

When the metal film as above is formed on the layer for 
the structure, the layer used may be chosen from various 
materials, such as insulator, semiconductor, or metal mate- 
rial 

In the case of using the second substrate having a layer for 
the structure, it is necessary to remove the second substrate 
from the layer for the structure. 

The second substrate can be removed from the layer by 
wet etching using an etchant suitable for the material of the 
second substrate, dry etching by a reactive gas, or abrasion. 

In the case of using a second substrate having a second 
sacrificial layer, the second substrate can be removed from 
the layer by removing the second sacrificial layer to transfer 
the layer for the structure on the first sacrificial layer which 
had been formed on the first substrate. 

The first sacrificial layer may comprise one layer or two 
or more layers, and in case of forming the first sacrificial 
layer comprising two or more layers, each layer may be 
cured before forming the other layer on the layer to avoid 
dissolution of the layer. 

The curing can be practised by use of usual methods, such 
as baking, irradiation and so on. 

In the case of using photoresist for the first sacrificial 
layer, the curing temperature may be the temperature at 
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which the resin in the photoresist becomes crosslinked and produce the patterned photoresist layer 8 whose pattern 

insoluble to developer. corresponds to the pattern of the beam-shaped member 2. 

When negative type photoresist is used as the photoresist, Next, the silicon substrate 6 was etched by reactive ion 
the part which is irradiated is cured. In this curing step etching with a mixture of SP 6 and CC1 2 F 2 using the pat- 
organic solvent vapour is evaporated from the photoresist so 5 terned photoresist layer 8 as a mask to produce a beam 
that it is preferable to provide a groove on the first substrate patterned prominence 9. The patterned photoresist layer 8 
and/or second substrate to allow the vapour to escape, as was then removed (FIG. 2(C)). 

described above. The height of the beam patterned prominence 9 was 5 um. 

The supporting structure 3 connects the first substrate and Meanwhile, a glass substrate (trade name: #7059; raanu- 

the layer for the structure, and is formed before removing the 10 factured by Corning) was provided as the first substrate 1. 
first sacrificial layer to provide support for the layer at the Polymethylmethacrylate (PMMA) was dissolved in meth- 

upper surface of the layer. ylethylketone (MEK) to make a PMMA solution, after 

In addition, in case of using aluminum for the supporting which the PMMA solution was coated on the glass substrate 

structure, the layer can be connected with the first substrate 15 1 by spin coating to form the first sacrificial layer 7 of 

electrically. PMMA film. The thermal expansion coefficient of the glass 

The first sacrificial layer can be removed by usual substrate 1 was 1.4 times that of the silicon substrate 6. 
methods, such as immersion in a solvent for dissolving resin, Next, the second substrate 6 shown in FIG. 2(C) was 

dry etching by ashing with oxygen plasma etc. Further, in . adhered to the surface of the first substrate 1 by the first 

case of using LB film as the first sacrificial layer, the first ^ sacrificial layer 7 by applying pressure to the back surface of 

sacrificial layer can be removed by heating to decompose the each substrate 1 ,6. 

LB film. Examples of heating the LB film may include Pressure was applied to ensure that the beam patterned 

irradiating by laser beam, such as from a C0 2 laser. prominence 9 was adhered adequately to the first sacrificial 

When resin is used for the first sacrificial layer, it is layer 7. 
possible to remove the first sacrificial layer by dry etching so 25 The first sacrificial layer 7 was then cured by heating at 

that sticking, which can happen when the first sacrificial 150 0 c. and the thickness of the cured first sacrificial layer 

layer is removed by wet etching, can be avoided. 7 was % pm. 

As described above, in the process for producing the The silicon substrate 6 was then etched with a 30 wt % 
microstructure the choices of the first substrate material, the koh aqueous solution heated at 100° C. to form a thin 
second substrate material and the material for the layer for 30 membrane 12 as shown in FIG. 2(E), after which the 
the structure are not restricted. In addition, in the process for silicon thin film was removed by reactive ion etching with 
removing the first sacrificial layer, electrodes can be pro- SF 6 gas to produce the beam-shaped member 2 having 1 um 
vided on the structure. Provided the first sacrificial layer is of thickness (JJIG. 2(F)). The first sacrificial layer 7 was then 
removed by using solvent by ashing, by heating etc., etched by reac/ive ion etching with oxygen using the beam- 
electrodes are not etched. 35 shape d member 2 as a mask (FIG. 2(G)). 

Furthermore, sticking can be avoided by removing the Next, an aluminum layer 10 was formed on the exposed 

first sacrificial layer and the second sacrificial layer by dry surfaces of the first substrate 1, first sacrificial layer 7 and 

etching process or heating. member 2 by sputtering. The thickness of the alurninum 

Examples of the microstructure may include: cantilevers layer 10 was 1 um. Then a patterned photoresist layer 11 was 
for microscopes which detect tunnelling electric current, 40 formed on the aluminum layer 10 (FIG. 2(1)). The aluminum 
Van der Waals* force, magnetic force or electrostatic force layer 10 was then etched by an etchant comprising acetic 
etc, such as atomic force microscopes (AFM); scanning acid, phosphoric acid and nitric acid to produce the support- 
tunnelling microscopes (STM); and electric circuits having ing structure 3 (FIG. 2(J)). 

air bridge structure, etc. Finally, the first sacrificial layer 7 was removed by 
In particular, an electrostatic actuator comprising a immersing the first substrate 1 into an organic solvent for 
substrate, fixed electrode and first plate electrode which are removing PMMA (trade name: OMR Remover, manufac- 
formed on the substrate, a beam provided on the first plate tured by Tokyo Ouka Kogyo K.K.) to complete the micro- 
electrode over an air space by a supporting structure com- structure comprising a 1 um thickness silicon beam 2 
prising a metal film and a second plate electrode formed on supported by aluminum supporting structure 3, and having 
the beam, wherein the electrode is connected electrically 50 a 2 um air space 4 between the beam 2 and the first substrate 
with the fixed electrode by the supporting structure, and the 1. 

beam is supported by the supporting structure at the upper s mce ^ organic solvent was used to remove the first 

surface of the beam, and the beam is movable by applying sacrificial layer 7, the supporting structure 3 was not etched, 
voltage between the first plate electrode and the movable 55 According t0 Example 1, the bridge member 2 was 

electrode can be obtained. provided by a part 9 of the second substrate 6 made of 

A number of embodiments of the present invention will crystalline silicon as shown in FIG. 2(B). A patterned beam 

now be explained in more detail with reference to the member which does not have internal stress therefore can be 

following examples. prepared easily. 

EXAMPLE j 60 In addition, the second substrate 6 was grooved so that 

vapour evaporated in the step of curing the first sacrificial 

A microstructure shown in FIG. 1 was prepared according layer 7 could escape. If a groove is not provided, bubbles can 

to a process as shown in FIG. 2. be trapped between the first sacrificial layer 7 and the second 

First of all. a monocrystalline silicon substrate was pro- substrate 6. When a groove is provided, bubbles can be 

vided as a second substrate 6. 65 avoided. 

A layer of photoresist was coated on this silicon substrate When a resin layer is used for the first sacrificial layer 7, 

6. The photoresist layer was then exposed and developed to the material of the first substrate 1 can be selected from 



06/26/2001, EAST Version: 1.02.0008 



5,658,698 

9 10 

materials whose thermal expansion coefficients are different and 100 V of voltage was applied between the first substrate 

from that of the second substrate 6. 1 and the second substrate 6 to adhere the substrates 1,6 by 

Furthermore, in this example, the first sacrificial layer 7 the photoresist layers lajb, after which the photoresist 

serves not only as a spacer but also as an adhesive layer. la yers 7fl > 7 ^ were then heated at 120° C. to cure the 

In this example, aluminum is used for the supporting 5 photoresist layers 7a,7b and produced a consolidated pho- 
structure 3 but insulator material, such as silicon dioxide i0 ^ sis } la y cr 7 ^ a ^ D ^' ^ cured consolidated photo- 
eta, could be used instead to produce an insulated micro- rcsist ^ 7 was 2 thick * 

structure. Next, the second substrate 6 was removed by wet etching 

using 30 wt % of KOII aqueous solution to expose the 

EXAMPLE 2 1Q silicon nitride layer 17 (FIG. 4(E)). 

Amiaostructure shown in FIG. 3 was prepared according ^ this step, silicon nitride was not etched substantially 

to the process as shown in FIG. 4. since me etching speed of silicon nitride is much lower than 

Referring to FIG. 3: 1 is a silicon substrate; 13 is an toat of siHco11 - 

insulating layer of silicon dioxide; 14 is a first-plate elec- Next ' a metal ^ 18 consisting of Or and Au sublayers 

trode formed on the insulating layer 13; 15 is a fixed 15 was foimed on smcon stride ^ 17 in ^ &am& 

electrode formed on the insulating layer 13; 2 is a beam P*" 1 ?^ as for f<*™*B ^ fast P^te electrode 14 and the 

member having a torsion bar portion 2a and a cantilever f ed ^ tro ? e , 1 f; k and * P u*^ P^ orcsist ^ 19 was 

portion V>, and is suspended by a supporting structure 3 f °™ ed by P^^^y (FIG. 4(F). 

attached to the upper surface of the torsion bar portion 2a of llie metal 1 was ^ etched b ? usm 2 ^ patterned 

the beam member 2. The beam member 2 is provided with 20 P^toresist layer 19 as a mask to form the second plate 

a second plate electrode 16 and is spaced above the insu- electrode 16, and then a patterned photoresist layer 20 whose 

lating layer 13 by an air space 4. (Hereinafter this structure patterri corresponded to the pattern of the beam member 2 

is called an "air bridge structure"). was formed on the smcon "tide laver 17 ( HG * 

Thesupportingstructure3isof anelectricaUy conductive . ^ " mcon mtrid 5 la Xcr 17 was then etched by reactive 

material, and the second plate electrode 16 is connected to 25 ] on e * chm S usin g 8 as ^ thc Patterned photoresist 

the fixed electrode 15 electrically by the supporting structure !* yer ?° ^ a ASet ***** ^ patterned photoresist layer 

3 20 and exposed part of the photoresist layer 7 were ashed by 

"whenavoltageisappKedbetwecnthcfiistpIateelectrode SZ^^^'^^^" 0 ^^^' 

14 and the fixed electrode 15 which is connected to the Jj of *» P 8 " 6 ™* 2 (FIG. 

second plate electrode 16, the torsion bar portion 2a of the 30 

beam member^ is twisted torsionally and the cantilever Next ' a 111 ™ 111111 * was deposited on the exposed surface of 

portion 2b of the beam member 2 is displaced. Thus, the "^tmg layer 13 on the exposed surface of silicon nitride 

microstructure of this example can be used as an electro- la y er and on me second P late electrode 16 to fo1 ™ an 

static actuator. aluminum layer 10, after which a patterned photoresist layer 

xt * . ^_ ^ . 11 was formed on the aluminum layer 10. 

Next a process for preparing the microstructure as shown 35 _ , . y 

in FIG. 3 will be explained with reference to FIG. 4. ^ a 1 " 11111111111 laver 1° was then etched by reactive ion 

First of all. a silicon subsfrate was provided as the second etc ^S usia S a ^ f*rure of BC1 3 and Cl 2 to form the 

substrate 6, Next, a 1 um thick silicon nitride layer 17 was ^PP 0 *"^ structure 3. 

formed on the silicon substrate 6 by Low Pressure Chemical J*® P atterned Photoresist layer 11 and the patterned 

Vapour Deposition (LP-CVD) using a gas mixture of dichlo- 40 P hotoresist laver 7 were etc hed with oxygen plasma and an 

rosilane (SiH,CU and ammonia (NH,) at 850° C. (FIG. m space formed ******* &e ^am member 2 and the 

4( A )) 3 substrate 1 (FIG. 4(L)). The concentration of the oxygen was 

A rubber type photoresist (trade name: OMR83: manu- S^^^^^T ° f ** W 2 ° ^ ° f 

factured by Tokyo Ouka Kyogo KJK.) was coated on the to F™* 5 lsotro P lc 

silicon nitride layer 17 by spin coating to form a first 45 . 1x1 ^ manner< a niicro structure comprising a 2 urn 

photoresist layer 7a (FIG. 4(B)). air-space 4 and a 1 um-thick beam member 2 as shown in 

Also, a silicon substrate 1 provided with an insulating ™*' 3 ™ P"*"* ^ ^ a Photoresist layer 7 

layer 13, a first plate electrode 14 and a fixed electrode 15 W f a * " Sed aS sacn ^f ^J** electrode was not 

(not shown in FIG. 4) was prepared. m etch .^ .™\ shck ?& ^ ch would have ha PP ened tf ^ 

-n. • w i m , , , „ 50 saenfiaal layer had been removed by wet etching, was 

^e msulatog layer 13 was prepared by thermally grown avoide d since dry etching was used, 

oxidation of the silicon substrate 1 by an oxidising gas, and ~_* u .. ^ ... . . 

typically the thickness of this insulting layer 13 fa 1 urn. . F "f a ' * ^ erab « lulie " t of * e present 

The first plate electrode 14 and the fixed electrode IS were "f^™ a f°^ de t ^yer formed on the second 

prepared by forming a 5 nm thickness Or layer and a 20 nm « ?" bstratc w * s ta ° sferr ^ ont « * e fl " t mb ^ te to t 

thickness Au layer on the insulating layer 13 by electron ^am member and apatterned plate electrode was formed on 

beam deposition, and patterning by phoiolithography. ^ en ?^ ,,S f e,CC, T le T T"^^"^ 

NaT. photoresist was coated on the first subsLe to „ *! rt ^ d ° n the ^ SUbStote by ^ 

c * . ^ . . , . r supporting structure, 

form a second photoresist layer lb in the same manner as for vT,, ... « . 

the first photoresist layer 7a (HG. 4(C)). ffl . Furth ™ e > ^ fiee-end of the beam member a canU- 

- ♦ i j \ ^ ^ s . • 60 lever portion, could be displaced toward the first substrate to 

The first substrate 1 and the second substrate 6 were then „ ^ j* *u * • fl • ^ * • » 

cno ^ # fn . , . ,r iL 7 ^ correspond to the torsional twisting of the torsion bar portion 

^ „ ?h w -T? " to T re ^ late * e " 0f A of the beam member by applying avoltage between the first 

solvent in the photores^t layers lajb in order to avoid ^ ^ ^ jJ^J 

bubbles between the photoresist layers 7a,7b when the ^ 

photoresist layer 7a was adhered to the photoresist layer 7b. 65 EXAMPLE 3 

The second substrate 6 was then placed on the first Another embodiment of a process for producing the 

substrate 1 with the photoresist layers 7a, 7b therebetween microstructure shown in FIG. 1 will be explained with 
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reference to FIG. 5. In this example, a LB layer was used as The bonding step will now be explained in detail with 

the first sacrificial layer 7 in Example 1 and FIG. 5 is a reference to HG. 7. 

schematic view illustrating the step of adhering the first Referring to FIG. 7, 24 is a power supply for applying 

substrate to the second substrate by this first sacrificial layer. yoltage between me aluminum layer 29 and the glass 

In this figure, 1 is a silicon first substrate, 6 is a silicon 5 su5strate 6 and it is connected with needle electrodes 26 by 

second substrate, 7 is a LB layer formed by LB technique on connectin wires % 27 is an electroconductive platen 

the first substrate 1, and the LB layer 7 consists of many LB _ . . . f - Manntt fnni . ^u^,^ 

film monomolecular sublayers 2h and the LB layer 7 is of «mipnsing a heating means (not shown), 

thickness 80 nm. Further, 22 is a hydrophobic group and 23 Tn * c bonding step, the second substrate 6 was placed on 

is a hydrophilic group, and the LB film sub-layers 21 are the aluminum layer 29, after which 500 V of voltage was 

laminated alternately with hydrophilic groups 23 adjacent applied between the second substrate 6 and the aluminum 

and with hydrophobic groups 22 adjacent, as shown. 24 is a layer 29 for 20 minutes at a platen temperature of 300° C. 

power supply to apply a voltage between the first substrate to bond the second substrate 6 to the silicon substrate 28 

1 and the second substrate 6, and it is connected to needle (FIG. 6(B)). The silicon substrate 28 was then abraded down 

electrodes 25 by conductive wires 26. 27 is an electrocon- to a layer of 2 urn-thickness (FIG. 6(C)). 

ductive platen. Next, a patterned photoresist layer, whose pattern corre- 

In this example, stearic acid was used for forming the LB sponded to a beam pattern, was formed on the silicon layer 

layer 7 on the first substrate 1, and then the second substrate 28, after which the silicon layer 28 was etched by reactive 

6 haying a patterned surface (not shown) was placed on the i on etching using CF 4 gas, after which the aluniinum second 

first substrate 1 with the LB layer 7 inbetween. ^ sacrificial layer 29 was etched by reactive ion etching using 

Next, 6 V of voltage was applied between the first a gas mixture of BC1 3 and Cl 2 to form the beam member 2 

substrate 1 and the second substrate 6 for 30 minutes to having a cantilever portion (FIG. 6(D)). 

adhere the second substrate 6 to the first substrate 1 by using a silicon first substrate having an insulating layer 13, a 

electrostatic force which was generated by the voltage, and fa st p i ate electrode 14, and a fixed electrode 15 was pre- 

the hydrophobic surface of the LB layer 7 was adhered to the 25 pared. The insulating layer 13 had been formed in the same 

hydrophobic surface of the second substrate 6. manner as in Example 2. In addition, the first plate electrode 

Next, the adhered substrates 1,6 were processed in the 14 and the fixed electrode 15 had been formed as follows: 

same manner as in the process of Example 1 as shown in first of all, a 5 nm Cr layer and a 200 nm Au layer were 

FIGS. 2(E) to 2(J) to form a microstructure comprising an formed on the insulating layer 13 by electron beam 

aluminum supporting structure 3 and a silicon beam member 30 deposition, after which a patterned photoresist layer was 

having the same structure as that shown in FIG. 2(J), except formed on the Au Jayer, after which the Au layer was etched 

in using an LB layer instead of a PMMA layer as the first with an etchant comprising iodine and potassium iodide, and 

sacrificial layer 7. The microstructure was then heated at the Or layer was etched with an etchant comprising cerium 

350° C. for 1 hour to decompose and remove the LB layer ammonium nitrate' and perchloric acid. 

7, and a 80 nm air-space was formed between the first 35 Next> a mbber-type photoresist (trade name: OMR83; 

substrate 1 and the silicon beam member 2. ^ by Tokyo Quka Kogyo) was coated on the surface of 

In this example, a miCTOStructure having an air-space ^ c ^ su b s trate having the fixed electrode 15 and the first 

which is regulated to nm precision can be prepared by using p j ate e i ec trode 14 to form the first sacrificial layer 7 (FIG. 

an LB layer as the first sacrificial layer. 6(E)). 

In addition, the LB layer can be removed by heating, so 40 ^ second surjstra te 6 having the beam member 2 was 

that sticking which can happen if the first sacrificial layer is then vr&sed onto the first sacrificial layer 7, after which 

removed by wet etching can be avoided. these substrates i ? 6 were heated at 150° C. to evaporate the 

Further, in this example, the LB layer 7 is formed on the organic solvent in the photoresist layer 7 and to cure it to 

first substrate 1. However, it can be formed on the second adnere ^ seC ond substrate 6 to the first substrate 1. The 

substrate 6, or can comprise sub-layers formed on the first 45 cur ed photoresist layer 7 had 2 urn of thickness, 

substrate land the second substrate 6. Examples of remov- ^ second sacrificial lsyeT 2 9 was then 

ing the LB layer 7 may include ; irradiating by laser, such as remoyed at g0 o c by ^ etcnant comprising phosphoric 

C0 2 laser to decompose the LB layer 7. ^ ^ add and acedc add t0 rdease ±e &ecQnd 

Furthermore, in this example, stearic acid was used for subs trate 6 (FIG. 6(G)). The beam member 2 was thus 

forming the LB layer 7, but arachidic acid, ferroelectric LB 50 to the fa si sacrificial layer 7. 

film, such as diacetylene type benzene derivatives^, and Jhe fot , ? and ^ ^ substrate x were 

polyim,de LB film also can be used to form the 13 layer 7 ^ ^ ^ 

of the example. , , , . , „ . 

^ . * -tji *t Next, the second plate electrode 16 was formed on the 

Examples of the substrate 1 may include glass, metal, . 1. * • £ *u + * +u * a 

% T ^ , , . , , . v . r \i * « beam member 2 in the same manner as that for the fixed 

glass substrate on which metal film has been formed, etc. 55 . ^ . . ^« ^ A t ^ 1 ^ 1 

^ electrode 15 and the first piate electrode 14 (FIG. 6(H)). 

EXAMPLE 4 fr St sacrificial layer 7 was then etched by reactive ion 

Another embodiment for producing the microstructure etching using oxygen-gas, and using the pattern of the beam 

shown in FIG. 3 will be explained with reference to FIG. 6. as a mask (FIG. 6(1)). 

First of all, a silicon substrate 28 was prepared, and a 200 60 Next, aluminum was deposited on the insulating layer 13, 

nm thick aluminum layer 29 was formed on the silicon the beam member 2 and the second plate electrode 16 to 

substrate 28 as a second sacrificial layer by electron beam form 2 um of aluminum layer 10 (FIG. 6(J)), after which a 

deposition (FIG. 6(A)). Next, a glass substrate (trade name: patterned photoresist layer 11, whose pattern corresponds to 

No. 7740, mfd. by Corning) was prepared as the second the pattern of the supporting means 3. was formed on the 

substrate 6, after which the silicon substrate 28 having the 65 aluminum layer 10 (HG. 6(K)). The aluminum layer 10 was 

aluminum layer 29 was bonded anodically to the glass then etched by reactive ion etching using a gas mixture of 

substrate 6. BC1 3 and Cl 2 to form the supporting means 3. 
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The photoresist layer 11 and the first sacrificial layer 7 to FIG. 8. First of all, a silicon substrate 30 was provided 

were then removed by etching with oxygen plasma to form having a 1 um-thick thermally grown silicon dioxide layer 

a microstructure having a space 4 (FIG. 6(M)). 31 which is to form the beam member 2. Next, a 200 nm Cu 

According to this example, a microstructure having a 2 and a 10 nm Al layer were formed on the silicon 

urn air space 4 and a 2 urn-thickness silicon beam member 5 dioxide layer 31 by sputtering to form the second sacrificial 

2 having a cantilever portion supported by an aluminum la ^5 29 

supporting structure 3 was prepared, and in addition each P e second sacrificial layer 29 was then bonded anodi- 

electrode 14, 15, 16 was not etched and sticking was avoided ca ^ *> a second substrate 6 of glass (trade name: No. 7740; 

by using reactive ion etching. ^ b &S™$g m same "f™ " * Example 4 

' * f A . in (FIG. 8(B)). When the second sacrificial layer 29 was 

According to the r^ocess fcr producmg me nucrostructure 10 boflded anodically to the second substrate 6 , me ai umilium 

in this example, a beam member 2 which does not have in ^ secon( i sacrificial layer 29 was dispersed into the 

internal stress and which is not bent can be formed from copper layer to form an alloy of aluminum and copper at the 

processing the substrate 28 made of crystalline silicon, and interface of the Al layer and the Cu layer. The silicon 

the beam member can be connected electrically with the substrate 30 was then removed by dry etching using SF 6 gas 

fixed electrode 15 formed on the first substrate 1 by the 13 (FIG. 8(Q). 

supporting structure 3. This etching step was selective and therefore the silicon 

Examples of the substrate 1 may include silicon, glass, oxide layer 31 remained on the second substrate 6. 

GaAs, metal, a glass substrate on which a metal film has As the first substrate 1, a glass substrate (trade name: No. 

been formed, etc. 7059; mfd. by Corning) was prepared, and the first plate 

In the above step, where the silicon beam member lis 70 electrode 14 and fixed electrode 15 (not shown in FIG. 8) 

adhered to the first substrate 1 by the first sacrificial layer 7, were f °nned on the first substrate 1 in the same manner as 

a voltage of 100 V can be applied between the beam member in Exam P le 4 - Next > a solution in which PMM A had been 

2 and the first substrate 1 to generate electrostatic force, dissolved into MEK was coated on the electrode surface of 

instead of applying pressure. the substrate 1 to form the first sacrificial layer 7 (FIG. 

in the process according to Example 4, there is an * 8 < D »- ^ 1 was the * heated at 50^ C for 10 

altemativestepforprc^dngmebeammemberZThisstep *> re ^ ate me ™° u * of ? e solve * * ^ first 

is as follows- sacnfiaal layer 7 to prevent bubbles forming at the adhesive 

r~ * £ i. o^t i_ , . „ A , . , interface when the first substrate 1 is later adhered to the 

First of all, an SOI substrate having a 2 um-thickness second substrate 6 

silicon layer is prepared, after which the aluminum layer 29 30 XT * - . u ^ . ^ . . ™-, 

is formed on L silicon layer. Next, the silicon layer is Nex > the t ^ond substrate 6 as shown in HGJKQ was 

bonded anodically to the second substrate 6. In performing P ress ? d °» t0 ** s ." bs * ate * *™» « ™ *?> 

this step, the SOI substrate was etched with 30 wt% of KOH S * COn 31 mto contact Wlth 

aqueous solution to remove the silicon base substrate of the ^ sacnilcial l *Y<x 7 (FIG. 8(E)). 

SOI substrate. The silicon dioxide Sayer acts as an etch stop 35 ™! P ressu ^ was order silicon 

layer so that once the silicon substrate is removed, the * ox ^ e 31 was adhered adequately to the first sacn- 

etching is stopped. Next, the silicon dioxide layer is nciallayer7. 

removed by hydrogen fluoride aqueous solution to produce ^ fast la y er 7 was tnen cured at 150 ° c * ^ 

a larninated second substrate comprising a 2 pm-thicfc sili- sacrificial layer 7 had a 2 urn thickness. 

con layer 28 on the second sacrificial layer 29 and the second 40 ^e second sacrificial layer 29 was then removed by an 

substrate, the same structure as shown in FIG. 6(C). In this etchant selective for copper comprising FeCl 3 , to release the 

case, the thickness of the layer for the beam member 2 can second substrate 6, and to transfer the silicon dioxide film 31 

be guaranteed. ont0 me first sacrificial layer 7 (FIG. 8(F)). 

Alternatively, the SOI substrate can be used directly as a Next > a patterned photoresist layer was formed on the 

laminated second substrate as shown in FIG. 6(C), in which 45 silicon dioxide layer 31, and the silicon dioxide layer 31 was 

case the buried thermally grown silicon dioxide serves as the men etched with hydrogen fluoride using the patterned 

second sacrificial layer instead of aluminum. The silicon photoresist layer as a mask to form the beam member 2; after 

layer of the SOI substrate is etched to form a pattern in the which ^e patterned photoresist was removed by reactive ion 

same manner as that shown in FIG. 6(D), after which the etching with oxygen gas, and in this etching step for the 

patterned silicon film 2 is adhered to the first substrate 1 50 photoresist, the first sacrificial layer 7 was also etched to 

shown in FIG. 6(E). The buried silicon dioxide is then foim a patterned first sacrificial layer, whose pattern was the 

removed with hydrogen fluoride to transfer the patterned same 15 tne pattern of the bridge member 2 (FIG. 8 (G)). 

silicon layer onto the first sacrificial layer 7 as shown in FIG. Next, the second plate electrode 16 was formed on the 

6(G). beam member 2 in the same manner as in Example 4 (FIG. 

In this example, aluminum film was used as the second 55 8(H), (1)), after which a 2 urn-thick aluminum layer 10 was 

sacrificial layer, but other metal which can be bonded formed (FIG. 8(J)). Next, a patterned photoresist layer 11 

anodically, such as H, Cr, Ni etc., and a selective etchant was formed and the aluminum layer 10 was etched to form 

chosen which does not erode the first sacrificial layer 7 and ^ supporting structure 3 in the same manner as in Example 

the beam member 2. Furthermore, a first sacrificial layer 7 4 ffKJS. 8(K). (L)), after which the patterned photoresist 

of resin can serve as an adhesive layer, in which case the 60 11 311(1 ^e first sacrificial layer 7 of PMMA were 

layer 28 should be grooved so that solvent vapour evapo- removed by immersion in an organic solvent for removing 

rated can escape in the step of curing the first sacrificial layer ^ photoresist (trade name: OMR Remover— 502; mfd. by 

7 (FIG. 6(F)). Tokyo Ouka Kogyo K.K,) to prepare a microstructure hav- 
ing a 2 urn air space 4 and a 1 urn-thick silicon dioxide beam 

EXAMPLE 5 ^ member 2 supported by an aluminum supporting structure 3. 

Another process for producing the microstructure elec- Since an organic solvent was used the aluminum support- 

trostatic actuator of FIG. 3 will be explained with reference ing structure 3 was not etched. 
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The microstructurc prepared in this example had the same In addition, according to the process of this example, a 

structure as the electrostatic actuator shown in FIG. 3 except beam member which does not have internal stress, and 

for using a glass substrate 1. The thermal expansion coef- which is not bent can be prepared because of forming the 

ficient of glass is one order of magnitude larger than that of beam member by processing crystalline silicon crystal to a 

the thermally grown silicon oxide, but nevertheless a micro- 5 thin layer. The silicon substrate 6 was provided with a 

structure with a structure made of insulating material is groove beside the prominence 9 so that solvent vapour, 

formed on a substrate whose thermal expansion coefficient evaporated in the step of curing the PMMA layer 7c, could 

is different from that of the insulating material can be escape. 

prepared. jf tne sur f ace 0 f the prominence 9 is large, the 

In this example, as the first substrate 1, a glass substrate to amount of the solvent in the resin layer may be regulated to 

was used, but other insulating material, such as quartz. avoid bubbles being trapped at the adhesive interface. 

A1 2 0 3 , MgO, 2r0 2 etc., or semiconductor material, such as Tne amount 0 f me solvent can ^ reg ulated by heating the 

Si, GaAs, InP etc. or metallic materials can be used. resin ^ yeT at a low temperature at which the resin layer is 

In addition, in this example, as the layer for the structure, not cured. It is possible to avoid bubbles in the 0.5 urn 

silicon dioxide was used, but other insulating material, 15 thickness of PMMA layer by heating at 50° C. for 10 

which can be processed as film, such as silicon nitride, minutes. 

A1 2 0 3 , APN etc. can be used. Furthermore, in this example, a resin layer (PMMAlayer) 

Further, the layer 31 for the beam member 2 may be was use d as m adhesive layer so that the adhesive layer 

formed after forming the second sacrificial layer 29 on the 2q could be cured at 150° C. Thereby, it is possible to use. as 

second substrate 6. Furthermore, examples of the second the second substrate, a substrate whose thermal expansion 

sacrificial layer in Example 5 may include a layer which can coefficient is different from that of the first substrate, 

be bonded anodically to the second substrate 6, such as an Examples of the first substrate 1 may include an insulator, 

alloy layer of Cu and Al formed by sputtering. such as quartz> ^ MgQ ^ eta a seraiconductor . 

In Example 5, the second sacrificial layer 29 was removed 25 such as Si< GaAs ^ OT meta ui c materials. 

by wet etching, but it can be removed by dry etching with A . ... i • A * * .. . t . 

' & According to this example, in the step for adhering the 

ys * * second substrate 6 to the first substrate 1, the prominence 9 

EXAMPLE 6 is embedded into the PMMAlayer 7d t but it is not embedded 

Another example of a process for producing a microstruc- mt0 *■« polyimide layer 7 c as shown in FIG. 9(D) so the 

ture as shown in FIG. 1 will be explained with reference to 30 P°lymride layer acts as a layer for regulating the thickness 

FIG. 9. First of all, a substrate of crystalline silicoa was of me air-space 4. By dividing the functions of the first 

prepared as a second substrate 6, and the second substrate 6 sacrificial layer 7, firstly defining the air space, and secondly 

was etched to form a patterned prominence 9 of the beam 2 providing adhesion, by using a laminated layer structure, the 

in the same manner as in Example 1 (FIGS. 9(A), (BJ). The ^ s P ace can ^ regulated with good accuracy even if the 

height of the prominence 9 was 5 um, 35 substrate is warped and/or pressure is not applied uniformly 

A glass substrate (trade name: No. 7059; mfd. by when the second substrate 6 is adhered to the first substrate 
Corning) was prepared as a first substrate 1. 

Next, a solution of a precursor of polyimide was coated on EXAMPLE 7 
the first substrate 1 by spin coating, after which the first 

substrate 1 was heated at 250° C. to harden the precursor to Test for repeatability of the space between the beam and 

form a 2 um-thick polyimide layer 7c. Next, a solution in tne first substrate. 

which PMMA had been dissolved into MEK was coated on First a 5 cm diameter glass substrate was provided as a 

the polyimide layer 7 c to form a 0.5 um-thick PMMA layer first substrate 1. This glass substrate 1 was provided with a 

7d (FIG. 9(C)). 200 nm-thick Cr layer on its surface, and it was warped due 

In this example, the polyimide layer 7c and the PMMA 45 to the internal stress of the Cr layer, 

layer 7d constituted a first sacrificial layer 7. Next, a 2 um-thick polyimide layer 7c and a 0.5 um-thick 

Next, the second substrate 6 was placed on the first PMMA layer 7d were formed on the Cr layer in the same 

substrate 1 with the prominence 9 in contact with the PMMA manner as in Example 6 to form a first sacrificial layer 7. 

layer 7d> after which the substrates 1,6 were heated at 150° 50 In addition, a 5 cm diameter silicon wafer substrate was 

C. to cure the PMMA layer 74 and to adhere the second provided as a second substrate 6, and the second substrate 6 

substrate 6 to the first substrate 1 (FIG. 9(D)). The first was provided with four beam members each produced in the 

substrate 1 was then etched to form the beam member 2 on same manner as in Example 6. Each pattern had a 100 

the PMMA layer 7d in the same manner as in Example 1, um-width, a 20 mm-length and were separated at a 10 

then using the beam member 2 as a mask, part of the first 55 mm-pitch. 

sacrificial layer 7 was removed by reactive ion etching using Next, by using the first substrate 1 and the second 

oxygen gas (FIG. 9(G)). substrate 6, the first substrate 1 having four silicon beams on 

Next, the aluminum supporting structure 3 was formed in the PMMA layer 7d in the same manner as in Example 6, 

the same manner as in Example 1 (FIGS. 9(H) to 9(J)). and as disclosed in FIGS. 9(D) to (G). The silicon beams 2 

Finally, the patterned photoresist layer 11 and the first 60 were then etched away, and the thickness of the first sacri- 

sacrificial layer 7 were removed to prepare a microstructure ficial layer 7 was measured. The thickness was within the 

comprising a silicon beam member 2 on the substrate 1 and range of 2-2.2 um. 

having an air-space 4 between the beam member 2 and the On the other hand, another first substrate 1 having four 

substrate 1 and the beam member 2 was suspended by the silicon beams 2 was prepared in the same manner as 

aluminum supporting structure 3. 6 5 described above except in forming a 2.5 urn-thickness 

According to this example, sticking could be avoided by PMMA layer 7 instead of forming a 2 um-thickness of 

using dry etching with oxygen plasma. polyimide layer 7c and 0.5 um-thickness of PMMA layer 7d. 
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Next, the beams 2 were etched away, and the PMMA layer (iv) The material for a layer for the patterned structure, 

thickness was measured. The thickness was in the range and the material for the first substrate are not limited because 

from 1.5 urn to 2.4 urn. This confirms that better accuracy is the step for processing the layer to form the structure can be 

achieved by dividing the functions as aforesaid. performed independently. 

EXAMPLE 8 ( v ) ft * s P ossiD l e to obtain a nucrostructure comprising a 

patterned structure on a substrate over an air-space, wherein 

Another example of producing the micro-structure of the structure is not warped if crystalline material is used as 

FIG. 3 will be explained with reference to FIG. 10. material for the structure; 

Armcrostructure as shown in FIG \ $ was prepared in ^the 10 (vi) ^ a resifl { is ^ as me ^ sacriiicial ^ 

same manner as tn Example 4 (FIG. except in using afirst forfonning a be J een ^ substrate the patterned 

sacMcial layer 7 consisting of two photoresist layers 7c Jd $tiumr ^ the ^ sacrificial } caQ ^ remoye / b usin 

instead of a single photoresist layer. a ^ etchlflg pxQC ^ ^ ^ ^ 

The first sacrificial layer 7 in this example was prepared a flat surfaced first sacrificial layer can be provided on the 

as follows: !5 substrate without depending on the surface roughness of the 

a rubber type photoresist (trade name: OMR-83; mfd. by substrate because resin layers can be made flat even if they 
Tokyo Ouka Kogyo K.K.) was coated on the surface of the are coated on uneven surfaces, for example, a substrate 
first substrate 1 including the fixed electrode 15 and the first having a patterned electrode, therefore a second substrate 
plate electrode 14 to form a first photoresist layer 7c, after can be adhered to the first substrate precisely; 
which the first photoresist layer 7c was iheated at 80° C. for 20 (vii) Amicrostructure can ^ piepaieA by using a second 
20r^ucstoe^ subs|rate whose thennal expa J ion % oeffi cient is different 
which ultraviolet radiation was irradiated to the photoresist from ^ of ^ substrate Maosauctate becausc ^ 
tayer. The photoresist layer 7 c was then heated at 150° C for for according t0 ^ above 
1 hour to cure it. Next, the same photoresist was coated on ^ not dse a s{ ]n wUch ^ subs|rate js tQ 
the first photoresist layer 7c to form 0.4 irm-truckness of a 25 ^ second / Wgh te ^ 
second photoresist layer Id. In addition, the second photo- 
resist layer 7d was cured when the second substrate 6 was ( viii ) ff toe functions of the first sacriiicial layer of spacing 
adhered to the first substrate 1. and adhesion are divided amongst component layers, the 

According to this example, in the step for adhering the "-f" 0 . between the sub ? ttate and *•» Patterned structure 

second substrate 6 to the first substrate 1, the patterned part » of * e ™«o*nic«ure can be regulated precisely, 

to form the beam member 2 is embedded in the second We claim: ^ 

photo-resist layer 7d, but it is not embedded in the first A nucrostructure comprising a substrate and a beam 

photoresist layer 7c as disclosed in FIG. 10(F) so the first member separated from said substrate by an air space; 

photoresist layer 7c works as a layer for regulating the supporting me£ns arranged to suspend said beam member 

air-space 4. over sa jj su bstrate which supporting means is attached 

Therefore, in case of dividing the functions of the first to that surface of said beam member which is furthest 

sacrificial layer 7, one of which is a function as a layer for from said substrate. 

defining the thickness of the air space 4, and one of which 2. The nucrostructure according to claim 1, wherein said 

is a function as a layer for adhering the first substrate 1 to the beam member is of crystalline material, 

second substrate 6, into each function, the space can be 3. The microstructure according to claim 2, wherein the 

regulated with a good accuracy even if the substrate 1 is crystalline material is silicon. 

warped and/or pressure is not applied uniformly when the 4. The microstructure according to claim 1, wherein said 

second substrate 6 is adhered to the first substrate 1. beam member is an insulating material. 

Further, in the step for adhering the second substrate 6 to 45 5 - Th© microstructure according to claim 4, wherein the 

the first substrate 1 (FIG. 10(F)), it was possible to adhere insulating material is silicon dioxide, 

the second substrate 6 to the first substrate 1 by applying 100 <>• Th* 3 microstructure according to claim 4, wherein the 

V of voltage between the second sacrificial layer 29 made of insulating material is silicon nitride. 

Al and the first substrate 1 made of silicon instead of 7 - microstructure according to claim 5, wherein said 

applying pressure to the back surface of each substrate 1.6. ^ silicon dioxide is made by thermally oxidizing a silicon 

In the above case, the second sacrificial layer 29 was not substrate. 

etched in the step of preparing the beam member 2 (FIG. 8 * The microstructure according to claim 5, wherein the 

10(D)). metal film is aluminum 

As described above* ^' ^ c microstructure according to claim 1, wherein said 

A _ _ . . . _ _ _ J „ beam member has a torsion bar portion and a cantilever 

(I) A microstructure comprising a substrate, a patterned 55 

structure provided on the substrate and spaced apart there- ^ ^ ^crostrncture according to claim 9, which is 

from by an air-space and a supporting ^ structure which ^ d ag an ckctrostatic actua ^ coraprising a fc cd 

suspends the patterned structure can be obtained; eiectfode afld a ^ ^ tedec|I0(|B on said su Tstrate together 

(II) It is possible to obtain a microstructure made of w | m a second plate electrode on said bridge member, 
various materials, such as insulators, metals and semicon- 60 electrically connected to said fixed electrode by said sup- 
ductors » porting means, said second plate electrode arranged parallel 

(iii) It is possible to obtain a rnicrostructure comprising a to and across from said first plate electrode, 

patterned structure on which is a patterned electrode con- 11. The microstructure according to claim 1, wherein the 

nected electrically with the substrate of the microstructure, supporting means is a metal film, 

or with a fixed electrode formed on the substrate of the 65 

microstructure ; ***** 
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 



Column 1 

Line 31, "this" should read --that--; and 

Line 39, "actuators")" should read 
--actuators" , . 

Column 2 

Line 2, "this" should be deleted; 

Line 5, "a" should read — an — ; and 

Line 32, "oxidised" should read --oxidized--; and 

Line 47, "crystallised" should read 
— crystallized-- ; and 

Line 66, "characterised" should read 0 
--characterized-- . 

Column 5 

Line 5, "As" should read --As for--; and 
Line 13, "vapour" should read --vapor--. 
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

Column 6 

Line 23 , "and" should read — and a--; and 
Line 32, "vapour" should read — vapor — . 

Column 8 

Line 61, "vapour" should read --vapor--. 
Column 9 

Line 40, "Vapour" should read --Vapor--; and 
Line 50, "oxidising 0 should read --oxidizing--. 



Column 10 

Line 18, 



'film 1" should read — film 18--; and 



Line 50, "was" should read --which was--; and 
Line 53, "invention" should read — invention, -- 
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